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Description 



POUJEN-UEOIATEO PLANT TRANSFORMATION 



Field Of !*• Invention 

The present invention relates to me general field 5 
of Qtnctic engineering of plants and relates, in 
particular lo the transformation of exogenous 
Qenette matenai into me germ fine oi a plant kno by 
physically introducing the genetic material into 
.pollen ot me plant. 10 

Background ot the Invention 

There exists mucn current eftort and research 
being expended toward me genetic transformation 
of plant species. It is believed that Ihe development J5 
of efficient means tor transforming foreign genes 
into plant germ tines will allow ine diversity of tne 
genetic StoC* in commercially important crop 
ssecies'to be widened and to allow functional genes 
0 T jpeC :!ic interest tc be selectively intr educed ir.tc 2? 
c*3p scenes. Tr.e eficrt ar.c research to date cn tre 
transforrr.aticr. C r genetic engineering, cf pla-.: 
s— c.es has acr.ie.-ed resets whicr. vary c*~:e 
crarr.a:;cs::v d«p«r.c.ng on the species c! psa-.:. 

The principal mccr.cr.ism which has been used 2: 
hcetcfore Icr the introducer, of exogenous genes 
Into plants has begun witn me transformation ct 
Single plant cells either as protoplasts or in a 
undifferentiated tissue mass known as a callus. 
Chimeric genes functional in plant ceOs have been 33 
introduced into single cen plant protoplasts by 
e'ectrcccraticn ar.d micrcinjecf.s.". Hw-tver. XT.* 
mcVt wice:y usee :rir.s:crma;:cr. lecrjuc/.-e usee to 
da*e has rake*-. advantage of a nature! tra:t of ;he 
plant parogen Acrcsacterium turr.e'aciens . wnicr. 21 
tzz tr.e ir.ra:- a=-:»:y tc ;:ar.s:e: a pcrusr. z'. tr.e Cna 
from a T» (Tumcr-Sncucr.g! plas.-r.id harczrec :r. ;t 
into an ir..'ec:ei ptam ceil. ay inserting icrerp ge-.e- 
into plai.-r.cs ir. Acrccacter.urr. wnicr. csrr,- csr.a:.-. 

:z~ v.* Ti p:as-:c. the tacterial tra.-s- 



secue-.ci- - 

tc.-rr.atic-.a tra t car Zt usee tc trsnszc: tr.e !cre : * 
q »~ t r ; r . : - tr.* r.e-.cme zi tr.e Wecte: s:a-.: zt-'.L. 
Acrccacterum -mectated plant cell trariformaticr. 
has cet-. Icur.c tc wc:K reascr^cty w?? in many 
mode', crcc species, sucn as tccaccc. petunia ar.c *i 
carrct. Cut cces suffer fram two sigr-uncar.t limita- 
tions. The' firs: Umttaticr. is that tne mediation C3- 
only be done on an individual cellular level, typically 
with somatic tissues, which men must be regener- 
ated anilicaiiy into a whole plant. This firmts the SO 
applicability of Acrccacterium -rnediated genetic 
Uansformatton to mose cop species which can 
readily d« regenerated from types of toes which 
are susceptible to Ayobacterium Wecwn. A sec- 
ond limitation is that int natural host range of S5 
Aoroftaeterrum includes only dicatytedoncu* plants 
and a umiiec~numner el monocot speces of me 
UDaceae family. There I fe An roaar.entfn wnediatcd 
t/anciormat.oa hac not been proven to be an 
•llectrvc toot I r monocot specie* of commercai SO 
inter ests. sutn as me cereal crop species. Another 
Ctffic-ity wtin Arjfo onr.tcrtum -mcffiated transforma- 
tions is tne generation ct somoctdnai vamnts. wmcn 



spontaneously arise ptant tissues in tissue culture, 
which may complicate identification O* transfor- 
mants. 

tt has been demonstrated that at least some 
chimeric gene constructions are effective lor ex- 
pression ot foreign gene* most plant celts. The 
functionality of these chimeric constructions in 
monocots as well as 0>cots has been demonstrated 
by me transformation of maize protoplasts in culture 
through such techniques as electro poration. How- 
ever, no currently known methodology exists to 
regenerate whole maize punts, or whole plants of 
any other important crop speces. from such 
protoplasts. No whole, intact transformed maize 
plants, tor example, are known to have been 
generated. Nevertheless genelic transformation of 
Ones of maize and other crop species is a desired 
cajectrve because o! the great agricultural value of 
tne camrr.cn crop plants anc tr.e potential tc 
improve tr.-ir va:.-e ar.c" p-sduc:iv"::y. 

Thee has zeir. atteis: cr.e sug;es::ar. prewcus'/ 
tna: maize : : :-:s car.a* ge-.et:c3t:y Trir.stcrm^C-C: 
genetic tfansfcrrr.aticn of the:.' pciter.. Fusnsned 
PCI patent application Y/G 85/C;K5 'to CeWe: 
purportec:y describes a mefWC fcr me transfer of 
exogenous genes into flowering plants by transfor- 
ming me pollen of the plants. Attempts by others t 
venfy this technique and reproduce the experiment 
have failed. Santord et aL. Theor. AooL Gene!. . 65 
(5-5), S7l-7i rtSSSi. A report sr one s^nuar resu 1 .: 
has See-. C.v.i. Przc. Na::. Acac. Sc;. L'S^ . 

Scrr.rr.ary c- tre lnver.:«r. 

The press".: invention is sjr^.T.a'.zec in ma: a 
merr.ee c! ger.eticaCy trar.::c:m:.-.c a ptar.: Hr.e 
ccrr.phie* tr.e steps ci: prepanr.g a DNA sec;je-cs 
: inci-jci;.; a !:-:;:. gcr.e ire rettery secuer.ces: 
rcca::'.-:; :r.- C^A seauencs cr.:* t'.cc;:ca^ ine-: / 
^piTTTrci: pr.ys— :s ac:e:e-z::r.; xr.t pamcte: ziy ^ 
tying tne Cna at pollen of the a:ar.; to tocge tr.e 
partictec ir. tne pollen; pcilinatu-.c » femafe pare.-.: 
ptar.t witr. tr.e ?c::en; and seiectir; proge-.y z* g 



me poi:ir.sticn fcr transfcrmeC plants. 

The pre**-.: inventicn is atsz directed tcwa*; 
maize fines having luncticruj expressed foreign 
genes inserted in them. 

The present invention is furtner directed loward 
the genetic tansfomution of not onry maize but 
other important crop plants through pollen transfor- 
mation and without me need lor tissue culture or 
regeneration of plants. 

tt is an advantage of ma present invention * mat 
the process is rt5ta*e* euk* and efficient, readi* 
veriTiaoie. and reptca&ie. 

0 is an advantage el the process ot me present 
kwent.cn and me materials produced mcreircm mat 
tcretrjn genetic mateml. characzerucd or uncfurac- 
tenzed. can readdy and rapidJy be introduced ento 
any des^cd genet* aackgreund ol maize lor croo 
breeemg. moiecuiax CMtogy. or Other similar agr 
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niaues or i«ucro-tn«ct»vt wiuUi w 

Pe nmTr 1« auvn„i»y.s «• mc 

Kow^calicat.on w*en «*en m 
with the accompanying drawings. 

Brief 0cs«ini ,n " ot m « O«w«0S 

apparatus concert P"" 3 '"' ,he n,um0t ' 
at me present invention. 

Fie - is a schematic ihistrauon of the 

plain* manipulate in me proeecs ol making 

niasmid pCMC tCCO. 

p., iris sanis«ls!*« * P f8CS5S =' 
* crese.nl invention. ON A ts pnysiciny «.i * * 
DMA C2:«ve'e: .r. s»c. * 

f, :a m. e*,ct:e — -'^TO .» ic 
ec'le- "*- s «" : "~ JP S ° a,e . .. 

,,« .--^^ •» i**™ »■- ^~ 

"'t';*- a* sever* factcs whier. W.ue-ice sue- 

0NA-:ei.--. 5 parses * *- M . *~ "* . 

an" velocity, me pariic:es tnemsetves a.e « a 

^S^S c^Hnn'Ver, 

F-jr-^e— Cf* W« SNA cn 5ne P* fUS ' es * h9u,i Ce 

.taste and caoaoie ol transforming plan, eeOs and 
"<£s*g m« dcsinhle trait in the plan, cefls. n 
aeS on. me ONA tad may contain »«-<"»• 
barter wruci «n « de.ect.d in l^*™"*" 
formed pun. seed, or plan,*., """'"^^ 
soeefie punts in 9*°*'* tramlomaww has 
c^ec^*« translormarion trecveney ■ tag 
.nougn. suet a s*iectat»e mvfccr may noi be 

"^TiVe many types of mteJonical systems 

intn smad earner panides. Fo»s«i« metfanams 
^.^^ I*** «V^s- ^ 

vosiane acceuown el P=^". of 
anaooou, W ..m opao.. ol provioing «^ 
^ Nicety to smaa inert P^"" ° M nOVe ' 



££r/U--- U*h-« « i. The mc.no.. 
b, hnh ^».^r: .KCtarOtt. b« f-J ». "f* 5 

aurge. s»-'^ » «»'l"J ^"^ W ' 3e 

sua* fcenarne ctartict 12 has provitfed ex.cn*no 
STas buerW a p» ol eteew-ies te. Tne geometry 

be eriricd in U>. : |n*scnt iwenwn as long as me 
ehamh,, «s r^ii.;^^ «» Aiveio.^ a«« B «* ofl f ! » 
alincXwa«« ol prr,iitrctt..v..ef and proper d.rce^n 
ins. ii csn he used lo propel me earner parncies. The 
aontonts have lounct Hull a section ol 13 m.U^eier 
•i.ftrior ewmcicr polyvinyl chloride ptsstic pipe « 
satisfactory lor use as me spark osc.-.artje seoon 
12. The electrodes 1« ar« extenein; opoositely mto 
tne iwerief mcunntf app:oiirr-te<y £ m:!Urj* ^e-s 
be-ow trc ten o» me spsrtc esa-:s«f 1*- T..e 
e'.ectroCiS U i.-.err.ii!ves 3re Icr-.e: S; ,r '' e * ; ;;- 
t-'.:s eite-c-c r:o s^\zz<i v.:nzi :cr-e: :r -'"; 
ir.terior surfaces C the s?a:< C^rr f «-U 

waiti.se:!. Tne e.-.Ss ol :ne tnrtssee 3««s Jorna-p, ...» 
e'ectroces U are protected witii a.-, arc res*..*. 
allov eotainert Irom higli elsc'.fic vottage retay 
points w. to a «s ol ap 5J^JJ ,! J f ^ 

to me erSS InVttireatfea 5° 1,s - T"' 5»P 
o«r«e-.T mc electrodes 1* can be adjusted Sy 
■pW-riatctv weaSL-.g !M Setts 5r.-a er out c! tne 
< ii The pr.»o*.s «? «--»^ 

' vettaei o( a<;p-c.i=«t«r; l£ ttsvo-tf 6e:*e«; \ 
ens:* of n« e':c:.-orJe; is Berwesr. t a.-.- i.= 
rr.£i.-«:er;. T.-.t T.c-:r:c s! ■-Z'-zzr-r a-d 
me e'*c:.-cc»« U tr.e;r.«es-ei U c'.ci-.y s-=;s- : t= 

electrcner ce ^ eursM c-.= tr.a: tr.c 

t-.e sa:: the e:sc:"-cs -* '"»—•' " 

ac-.-sts:;* ...... 

A s=ac t r nr..; 16 is provie: »==vt -« 
,< c---.-r.oer 12. The spac=r nnc '.6 rr.sy Se cenj..^.*- 
cut c! ir.e S.-.2 pios as tr.e sss--» c.-.arr.:e _u 
hsett ar.c prctcraoly »« a* » a ve.-txci - 
RtSfaflwiirs. tr. s r«ed ..p-jarcicc !c- tR.ns!e»sa.-"* 
ol a si»«;!e crop soecles. the :cacir rtng 16 ccvic j.e 
50 eorcnicted merely as a vertical ex.ens.on of *t 
spark disrurge cna.nl.cr t2. aimougn a removaBie 
and resiacaoic snacef nnrj 1G allows adjustment 01 
me CB.ar.ce Iran. sp»k rti»c'crge .0 euiner snes. to 
b« varied sn U»i the lo.ee ol parncte acs»erau * 
S3 can be varied by eondt.inns or by J£ 
spacer ring 1G may oe left open at the top J 'J**** 
^e. ttb «^ but may also 

ageousiy have its lop «per»fl ™ l n l 

Sic closure 10 torn, , rec.anguUr opemng 
„ approiinoirjy 9 by O r»ame.ers. PM« latop me 
,p««l2isae^sf^W.Th.r^nersM« "8- 

pbnar. tgnt sheti torn«d ol salable «• ' oe 
p*ace7rec.m 0 a.op the snaeer ring It ^ 
snee. IB is Kwrncdoi nexaie D.oto S .C3ily f er. snee^ 
« materia, capsfe »> carrying b«tog.calty * m 
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pan*., mereon. The carrier sheet 1 
transfer tne force ot a snoc* -ava from a spark 
discharge int aeeelerauenot the earner parnetes. It 
S Tb.tn found Bui the carrier ihe.t 18 may 
advantageously be form* Uom 1 md Of 0.5 mJ 
olasite coated alunwwed mylar. wth we 0.5 m. 
sheets being preferred smce Wi practice Way r.sut 
in better penetrat.on into Iht pollen. As a general 
practice the smaller me actual surface area of the 
carrier sheet 18. me better penetration is obta.ned 
by the earner particles into tne pollen. This consider- 
ation regarding penetration is balances by the need 
to have tne earner sr.ee; ol a siie which is easy to 
hand* anc which proves an impact pattern over a 
targe enough field to be able to impact targe 
numbers of pollen ceils in each incSvidual injection. A 
carrie- sheet size ot S by U millimeiers has been 
found to provice a good «*« yielding good penetra- 
tion in a desirable impact pattern ol the part.c'.es 
onto the pclier. tar;e:. 

The car.-.er sheet aisa functions lo arrange t..e 
ca—'n c! the pa-t:c*i as they c=n:ac: tr.e target 
s-'ril- A- eve-, v-::-- pa::i-.n c! parses is 
r.i— des : ..-s::« :: tr.s: as rr.&.-.y :e"s en the 

targe' as pass** a:* irr.pae:ts. ir. c-ser tc 
maximize the y.*:= el transfor.T.anls. Nc.vtrar.s- 
formed ceils, pctlen or otherwise, may be a: a 
competitive advantage with transformers or may be 
canialty depiiitatecay the carrier panicles. Therefore 
it is desirous to reacn as dose to 100 percent 
injection into the target cells as is possible, anc a 
Uniterm layer anc pattern d paries cr. a earner 
she*: - .e aics th:s ::iec::v*. 

As to the ei.-r.e- pa.-ae-.es tnerr.ieives. any hie.. 
c .-,::y rr.a:er:a: w..:.-. is bic.ceisa«y mer: $r>cul« be 
a— »:'a::e f" use ss the C*A carrier p&-tic:*s 
- w"iih~n :r7e er-.te*: «.-ve-.::=--.. = 

rr.a:e-:a:s are p.-e-s-.-es. sue.-, as tungs:en ani gciS. 
*.-,:.-. have a se.-.s.:? si tS ln::-rr. m;=r.: as: -e 
c-»'»-i: e hav:.-; i :s-.sity valve C 22. but has net 

bee- wis: by :r.« b«=»«" i: 5 r «" y 

ava:.i: s m a r S .s:-.-*y curse pr-vser. w-e-sis 
s-nencat par.:c:es are preterrec. Tungsten 3 aiss 
p-sbaetv lass res a::e ca.-pares to S s« because :t 
te-=s tc o»:='.:5 --• a* in tr.e presence ci even trace 
moisture. S-cr. an cxisaticr. layer on the earner 
par.ices teres ts b.nd the particles together 
causing severe mc-ease in average particle s.:e as 
tne particles aggregate togetner. Particles wh.eh are 
clumped « irregular aggregations are less desirace 
for the practics o! me present invention smce such 
aggregations w.K vary widely in we* mass and s.:e. 
thJs leading to oniieulty in ofcuining regularly 
replicant* results. 0 has been found thai aold is an 
eotunal material lor me particles «"tlun ma present 
invention since it has h-jh density, i* relatively *trt 
to bom bi logical materials and to aidaiion. and is 
r aciiy csmmereaBy available m me form of soneres 
^avinQ a eomcier ol Ho 3 irucromeiers. Sunaoie 
Ona sequences nay be applied to me aoid pamctes 
andth now parnees may be applied t me earner 
sneet in a marmef wtveh wia Be oseussed m further 
detail bciow 

Locaicfl aoov« me earner shed 18 is a 'timet 
screen 10. The retainer screen 20 4 a 100 mesn 



stainless iteel screen physieaBy mountec n a o»ashc 
holder appr wnaieiy 5 miUimeiers above me top of 
the spacer ring 18. The reiainer saeen 70 kretions 
to restrain me carrier sheet 18 so mat < does not 
5 proceed to me target. 

The target surface 22 is a planar shee! of material 
eapaoie of suspending the target cells, te. pollen or 
other plani cells, mereon. m practice « 
found thai an easdy useable target b a petn *sh 60 
10 irdlimetersbylSmiflimeiersewenedcverthelopof 
me assemoty holding me reiainer screen. Spacing 
from me retaining screen 20 to me target eels on the 
target surface 22 is therefore preferably approxi- 
mately IS mdUmeters. Spacing greater man is 
T5 milometers, unser me eancitions of «Rage and 
atmospheric pressure descried below, leads to 
resuced pene:ra:icn ot earner panicles wo me 
pollen whae a spacing of less man 10 rruSmelers 
results in erus?.ec eefis in the event that me retammg 
TS acree.n 20 ee'e-ms under the force ol the blast. 

II pollen is js*s as the target cells, the poSer. must 
be acpi.ee tc the tar;e: in sush a fas.*icn that the 
ta-c«: r.av rt ir.vene: wi:.- me ps'ls^ rerr.--..-...-.; 
v : a- ; - £ p:.:e- Ci-s-i! is ss.-.s;:ive tc 
z; r.cisxrs. :r.-: -.f.r.zz use: u »• P 5 ^" : ; 
me tar;et i.-.e*s be as rr.as:*e-free as pess:-.e. I. 
has been ic-.-ss that mineral oil is useM as sue. an 
adhesive. II a thin layer of mineral o3 is applied to the 
boncm of a ?e:ri dish to be used as me target 
30 surface 22 pc^en is dusted into the *sh. and men 
me Cisn overtimed to remove exeess pollen, rt has 
been lounc ~a: a relatively unifenn monolayer 0. 

:r. :r-.e tveei whien wit rerr.a.n 
In piael cvr.-; p*-:;c:e Sr-iaeaon an; ^ tt-v.r.s 
viasie. If ce s other ma.-. psHen vt wed « tn:s 
a:=ara:-.- S c-.er su=::r: mesia. such as 15*. m*/ 
zt rr.c-e a::-::.--s:e. , 

Trt - issi-.:iv c: :he -.i'.:c:t a::s!en:cr 1U 
anc tr.e :&•;;: s--!i=s 22 .t.«s: 3e wasates 
*Z ss as :o pre .«.-.: mt Jc-sa a« i:-cs?ftene 

s:cw-.; :ri :i-5s-:«i ar.s " the eamer sheet .8. The 
va -. - ; » s rart.a. vaeacrr. tra 1 ~iz ■ 
v»tXrr. "»:.= css::::te "« targe: pe«er. ea-V 
rencennc :r.en ncr.-via:'e. A varjurr. of iSO lo 
4! irj5rr.e-.fi si -erc_r,- Ms Seer, tounS Ritaeeni an: 
acvan:a:e:.s. 
In the srr.pies: tasianatien of Pe oeers.i-n 



apparatus si Rg. 1. me process of fcw; me 
accelerator 10 begins witn me pueement of a ersp 
SO 2« of dishes or eeminerali:sd water between me 
elec:roces U. The amount ol water ff*st be 
selected sc as not tc dampen ma « J**?T 
oceurbetweenm. •^^••"^^"S 
volume to crea.e a shock wave *. me of me 
55 acark cumoer 12 when me discharge doesj aeswr. 
Th. preferred voh-ne of wa.er rus bje^ooj w be 
WnaMy 2-* mK.-oli.crs. *2~££Z£ 
may be aspued by pipeit. suspended between me 
ends of me tfeevodes M. The waier 
to bnogc the gao betw en me electrodes andremam 
place. : oa f 

The seaeer ring 1$ is man pueed upor 1 «"« 
me soar* ehamner « and me «^ t ^ ,, JJ flfi 
piacec on tne too 1 me spacer nng 16. The re» _ •» 
gS screen 20 is mounted m pucs S m*meie« » 
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tht earner aheet II and me surface 22 

consisting Of the overturn^ Pern ash is placed 
a00 vt the mounting c* me retaining screen 20. Tht 
assembly is men evacuated to 460 rmiumeiefs o! 

mercury. . 

External to me apparatus illustrated m Ftg. i. a 
voltage supdy is connected to generate 15.000 volts 
OC. The 15.000 volts OC is then applies to a 1 
microfarad capacicr. which is men disconnected 
from the voltage source. 8y throwing a suitable 
twitch, the 15.000 volt charge on the capacitor is 
then applied between me electrodes 14. 

When me voltage is appuec. an eiectnc discharge 
»rc jumps between ine two electrodes 14. The a/c 
instantly vaponics tno small water drop extending 
between me electrodes. A snac* wave Irom me 
explosive vaporiccnon of tne water Crop propagates 
throughout me interior of me spark chamber 12. 
When me shock wave reaches me carrier sheet 18. 
tr.e carrier sr.ee: ;8 is tittac verily crt the spacer 
rir-3 16 arc is a:ce!era:ec tcward me retaining 
sc-**-i 7Z V.r.en me carrier sr.eit 12 ruts me 
f» : -..r.g screens-: me came* s-**: i£ :s.-as::sred 
tr~ p:*=e ar c tr.e patides car e- cr. tr.e carrier sr.ee? 
IS leave me car-ier sr.ee: and !ty free"* across me 
distance tc me ce-'.s resting sr. tr.e targe: surface 22. 
If the apparatus has been Qropir.y constructed and 
adjusted, and the procedure properly followed, a 
significant percentage of me carrier partiC.es will 
arrive at me target with a ccrrec: velocity to 
pcnetraie me ceils carried cn me target surface 22. 
cestrcyi.-.g ar. una^sctcr.is percs-.tagc c: 



tr.e ce-Js. Tr.e ce:ts cr. m« 



^cet s.rrscs 22 rr.av xr.tr 



te're-rxvec trcrv tr.e targe: s-tace 22 ar.c seiectec 
as accrccriate tc segregate trar.s?o.-rr.ar.:s frc- 
r.z--:rz-i'zr-i-:i. it zz.\z~ is -sec. as c-e'e-rec. \r. 
tr.e pre cess, tr.t pane*, is tr.e-. rerr.cvec ?rcrr. tr.e 
target surface 22 and har-c pollinate = cr.tc fer.te 
ferr.aie f!c*ers. s-jcr, as ma.:e s::*s. w-.icr. w:i: tr.er; 
se* se*r c- '<e-r.*:s. Tr.e sear car. Ce .-va-.-estec. 
p:s-:ec arc t i i tz tc tr 5 rrc-cr: cc:c:*; c- 
tc cr.e- :cs- tra.ts cc.c:t:cr.ec sy tr.e csrr.ee 
or. me carrier parades intc tr.e ;c:te.n. Aitematrvesy. 
irr.rr.atjrs tmr/zt My Ce exesed :r.e ce*e!e- 
ping seec Us:ue* anc me err.ar/cs grewn out ir. 
accrcpr;aie '.issue culture intc small ptar.tlets or into 
whcie'piar.ts. Tr.e plants cr p:ar.:te!S. or tissues from 
tnem. can men se tested for selection on me basts 
of a selectable marker earned in me ONA trans* 
formed intc me pollen ceils. Suitable selectable 
markers wculc include exogenous resistance traits, 
such as hero»cde or anuaiotic resistance, or 
dominant morpnotogical trails whose expression 
can be observed. 

It is to be understood mat white me apparatus of 
F*q. 1 has been specifics tty developed for the 
proctss of poiten mediated plant transformation in 
acsoreanca with int present invention, the appara- 
tus Usctt is also usetul for accelerated particle 
transformation I other tissue typvS. plant, animal r 
bacterial, a-. wc« Ti* ar^riaratus allows for easy 
adjustment of me parncte lerce hy varying the 
spacing or the discharge voltage, tt is relatively 
simpte to uerate. »rt«cent *nc staoit so that results 
may be repneatee 



Wiirun the pri'feifwti t«ivecs o« the present 
brvtfttion. the proruss tor jtf*n*J me Ona stolen* 
Cts to the patters. U* r*oc*tz lor Uyermg me 
partides «io m« on*>f sns?«. arvi m-^ piocess tor 
5 preparing the DrU trr pu*a transtormation alt may 
r*?iuire pariiruilaf uitcnuon ct mese details will 
be distusi^.1 si turn. 

The Ona sequence iwiuftrng a foreign gene 
prepared in the form cwt.M^e lor plant transforms- 
10 ten can &* simply dried or.tc naked gntd or tungsten 
pellets. Hcw«ver. ONA mdftcules in such a form 
tend to havf a r*utrveN sNvt period of stability and 
tend to oegrane ramcr rapiruy due to chemical 
reactions witn the m^iamc or o»ica:e substrate I 
15 me particle itself. » has hef n tn»mn. by conirast. that 
if me carrier panicu-i a/e t«s: cjated witn an 
encapculating aoeni me Ona strencs have greatly 
knprovea staciiity anc do not de:jra-e aigniHcantly 
even over a time per.or: of several weeks. A suitable 
20 encapsulating crent has 5etn founc tc be polylysine 
(mcler.ric- w.*-r.t 2C0.C0G: w.r.cr. csr. Se apcliec tc 
me carrier p=-::c.«* ce':r* tr.e Cn- rr.aiec-Jes a*e 
appr.ee. Ctr.s- t.'zzziSi'-c i-j-::. pc'yrr.e'ic cr 
ome-A-:s*. i t also Ct -.:^z uc = *, as sirr.iU* 
25 er.ca:s-ia::-r. are-.ts. Tr.e pc:y!ys.r.e 'S ac^ieC ;c 
tr.e parades cy rinsing tr.e gc'-: panicles in a 
solution of C.C2^5 pciyiYSine anc men air drying cr 
heat dr>Hng tr.e partictes mus coatee. Once the 
metallic panicies coatee w»m pciyiycine have been 
30 properly dried. DMA strancs c^n men be loaded onto 
the panicles. The ONA may be leaded onto me 
particles *i i rate «r nirv.-e-n 2 and 2^ myograms cf 
ONA pe: rr.:::::.:;i- o! g3»- 0i-c spheres. The 
practice r.a: tc ice :c ;C0 rr.icrcgrarr.s c! Ona 
25 and 2C rr.^i-.'irr.s or 1*3 rntcr" gcic screres 
preccataC w:-.- rc:yS***ne. sec::en::aity £ micrciite-s 
o; 10 rr..M N«;-.= 2i ar.r. tr.e-. i imc-c:!3r; cf 



CaC: ic prc-nci a fr.i Cir.rC, pre-:r»:ue wr.cr. 
torrr.s as me satuticr. cries. The crec.c:ta:e carr.es ^ 
.'C me CN- w-tr :t cr.tc trt rsr.cs. Ores tr.e 5eacs arc 
me pr.ccc-.a-e arc c: ::-r cr.crci sc -.-t:cr. have 
oeer. rr.:xt: a- :r. trs :r;A. :r.< s-tc€-s:c-. is c-:ec 
uncer a mtrcrer. lN 2 j s:rec-rt -*nir. trecver.t s;:rrir.g. 
Once criec tr.e praccitaie is immediately resws- 
45 pencec *.C:='3 e:r.c-.c: !cr tr.e prccsss o.* ptac:r.g 
me par:ic:e« cr.tc me earner sr.e*:. 

tn arte'vr.; the pa-ticias to ma carrier sneer, it is 
preferrcc tcr m* suc:tcs:ul oseraticn of m»s 
procedure to form a uniform and reproducible Uyer 
50 of me earner pencios on mo earner sneet. To do . 
this, me partct-s cannot ae simply dusted onto me 
carrier sneet. since tney lenr. to aggregate and are 
thus distrtnuicd gnevarfy in a rwn-rtproducbie 
tasnion on tne sheet. In paniciiar. moisture or water 
55 content on the sheet wifl disrupt me application of 
the particles to me sheet and result in undesirable 
aggregations. Therefore, tl ts first necessary to 
prccaat me mylar sneet wim a m/CroonUic coating 
fctenced to prevent wattr spotting wfien apptyng 
$0 the earner particles. R rws been found that hydroxy 
•tnyl ceOuioce ^oiWs r»* tu ma ptirpose. aimougn 
ther SimOar trnntmcnic. sur-t as acid hydrcryzed 
ceauiosc. arc also locsAle A sotution of t^nycro 1 ^ 
•tnyt ccHutase *« w«pen over me pUstx c 031 *^ 
15 akirrtzruzcc mytv. wticn ts men nnscd w«tn <on»x 

Lr 
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eo.ung co««^ M 0»U |«jn«L 
suspended in tOO*o tiMMl. to Wen Wjrt » » 
£ritr ihift n has tun found Ml 30 or 100 
SrT-oi.ters ol a w.B stirred suspension ol me ttnanol 
;m V« carrier panxles can 6, success*^ 
pipetted onto tne mylar sheet in • reasonably 
Uniform and reproduce fashion. The p.petted 
S£» of ins suspense to vm ^ «• 
. elosed peln dish lor at least 30 seconds. The pe.n 
iun must be Cosed to prevent eddy currents ; Irom 
forrmng Irom room air currents and from a h.gh ra e 
3 evaporation, such eddy current, potently 
causing excessive Grilling of the parses and 
tne-elore a ncn-unifarm distribution ol particles on 
the sheet. Ai:er tne settling period. We mtfweus n 
broken and me excess ethanol is erained away. The 
residual ethanol is removed ty evaporanon « a 
oa.-tiallv opened pe:ri dish. 
P Th.s' pacess is imenced to placa the carne- 
p..-Je:es caated with the predate - 
-•rands c- tr.e mySa- ca--r.tr sf.est. A seed ■«•--• 
w^.-. is success^ w.:r..-. r.e prese;.. 

-,. . 5 pr S r.m.:. 7 0.1 * «•««•• 

panicles ca^nS " C °^ »f **? 
> S &y U rr.imrr.ete.- are* ol the earner sheet. Sv»-h a 
eens'y el carrier panicle application to the earner 
,he-t gets good survival ol pollen and also a h. 5 n 
Penetration of pollen grains by me accelerated 
particles. The actual acceleration and penetrat.cn of 
tre crair.s by ihe panic'.es win vary oath with the 
cc £ silt J.C ***•»•. an= the r.u.r.ser of earner 
B l-ic:ts can ebveusly =e var.ee ts e>t mere er 
lewer parties per crcss-seeticna, area s! we tarst: 
cells as desires. 

T.-.e Cna :=■- -s« "* * -** - C "" 

ce — .-:.-.-c:c= !r. a vectar a:=a="t S rcr aepress- 
ic-.V. t'r.e e,=; e -.=u S ;er* ir. the eels e: « 
whatever ether ptar.t is Se-r.g u-Ssifd ^-n at 
C-.SJ-.t ir.ver.fii.-.. Tr.e C\a ser.er.es can -e 
!- t-t ; .rts:t .-.c-:r,rr.e.-t: S i-.m !rsrr. 
ether* p'a-.ts sae.ts er ttr.es ef Rc sarr.e $?«.« 
mav alsa te used. Vectors su:tas!e lar essresaeh .r. 
pints cer.era-ly must ineluca. be. ees the »±.-.e 
se~--e-.ee el tne eestrec exogenous gene, aaprapr.- 
.« Sinking reautatcry sequences sue.-, as a was* 
promoter eacscle of prerMiing trar.sar.pt:cn 
expression in vivo in plant etUs an<S a transifon 
termina.er easaele ef s.gnaUi«g the end oMrwcnp. 
t,on or tne appropnate processing of the RNA ,n 
suet a fasn.cn that wUt anew swtaste transut.on of 
• messenger to produee protein synthes.s. 0 has been 
previously demo«irai«J that P<*« gen. promatera 
eapac. ol ceusing eoding s.cuene. tranaenpnon 
Jt expression in *cot pi«»t etas 
iTm noeats. sud as com. on a cellular level 
.Ithough with lowered tfficency « tome cases. 

M^?e-5«25. S^Temoer ISei. Suet promoters 
*etud* tne nopahne fyn.wse promoter «rom »t 
plant pathogen Anropacermm tumelaoens and tne 
CaMv 35S prom .er oerrvea Irom tne eauWowcr 
mosa-e v^us sequence A tui.aW. 
secuence tiieeM « P»«"« '* «»« Porradenybt«n 
sequenes from me nopaune synthase gene ot 



Aar obacttrium rumeraciens. The punt »xprtss*n 
Wcxot may aUo cantM a sWubie marker opera- 
tM « plant etas to iKm for selection of transfer- 
mant plants. The ttleeublt marker may eondiuon a 
trait which may be essayed biocnerrucatty en 
phenorypic trait which may be observed « me 
progeny plant. Clearly U"a non-chimenc mtac. gene, 
wiin Hanking regulatory seeuences. frcm the same 
or another plant is used in me present proetss. 
chimenc promoter or eontrol sequences are un- 
neeessary and the gene may be used with us native 
sequence. w 

Wnae the process of me present .nveru.on has 
been described in particular detail witn regard to 
poilen^nediated transformation ol maize, rt should 
be understood mat mere is nothing imnnsic to me 
process Wat is of necessity fimites to maas. ane tne 
proeess is equally suitable for pollen trar.slonnat.cn 
ol other cereal cops as well as dicat cops such as 
»- ssvtean and celts.-., and mest other plants as well. 
The prscesurc !cr hanctrr.; penes ef str.sr s=ej::ej5 
rrav net; ts 5s viriec a".; tre s=s::r; :! the pans =. 
th.*t=earaf,s e-.txa: « cs.-.-.t- pat:= * ve'se^ 

nee: t= ;« va-ec eepere v * .... 

25 tas;c apparatus and prectsurt sa, :* «ste r. e...e 

P "to JcSn. whue me precess el ftt present 
invention is directed tc-ird peiien^eciaied plant 
transformation. We apparatus disclosed here.n is 
3C equally sutable tor use <n rrar-sfarmaiicn of other 
plant tissues, such as emcryogertic callus or sematic 
•msryes. or any ether ptar.t er ester OSSut tfi 

eu'-ture. . 
Sire* net «" z' tr.e ?a:'.er. will have carr.er — 
X inser.eVr.tc wtrr.. a.-.= si.-.ee ne: ••'^•f. «^ or 
rv-c:*s will u;:a.*e - v ~ Tt ~ l * 
5 .n:r.e. i: w»: :e ^csisa-; :c « ■ - --^^ 
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is ztt rtz iz c 4 $ .e • ^ 

c — *- ::£-.i:cr^.ec r.:. . a - — * - 

a"s"eV='t"a:le marxer ptas.^.e. ««.-. as aCMC :C2^ 
deseriSee herein beiew. The twa veetars uc.-v- 
gene ar.a se!scta=ie maAf) es- as 5;j:e: "S*-^- 
to make on* puimid. or tr.e h*e vectars ea.. a. 
ctened sesarv.ey ane men acatie: tec-.tr.er to t... 
same carrier panicles. In eitner event, me ?rog«..y 
produced are screened for me marker to sele-. 
transtormec progeny. WMe We use of sue a . 
seieetaale marker may be cesiraaie n same orc.-rn- 
stances. H ma, be om.tes J a swias.e ^P;^' 0 ^; 
eai or biochemical test exists to screen for the 
transformed progeny. A morpnolegical screen jg 
test could be for a dorrunant f^^'t^".' 
progeny. A suitable teocherrucal « c -'«f^« J"" 
eeJc b. a »-caa«> -Southern- t^othyo^g 
prose for me ewr.enee of me transfonwg dna 
ttsett in me genome of mt progeny plants. 

EXAMPlSS 



1. C r.vtruction ot Vectors 
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A. Antibi nc Resistance. 

The construction ot suable pl*«i txpressicn 
vectors is illustrated in schematic fashion in Tigs. 2 
and 3. F*g. 2 iflustrates. in schematic form, tne 
construction of * plant expression vector pCMC 
1203. The construction of me ptasmid pCMC 1208 
began with tne digestion of me ptasmid p£a 325 
(BoUvar. F. Gene 4.121-136 11978)) win me restric- 
tion tndonuciease Tao I. The plasrrud pBS 325 
contains i coding sequence tor the antibiotic 
resistance gene chloramphenicol acetyl transferase 
(CAT) which is exised trom me remainder of tne 
plasmid* by Taq t digestion. After digestion of peR 
325. the fragments were resolved Oy electrophoresis 
in an ar.arcse gel and mc fragment containing the 
CAT gene wis excised. The CAT fragment was men 
ligatec into me pUsmid pUC ? (Viera & Messing. 
Gene. l$:2£r-tS2 (12521) which had previously been 
cigesied win the restriction enryme Ace I. The 
fragment ercs priced -Y Ta ^ 1 a " c Azz 1 are 
ccrr.pie-.er.rary ir. tr.rs case ar.c tr.-s me stra-.cs 
were i:re:::y ;ir.*:s:!e Tr.* rtiJ^r.z clas-ir. cz* z- 
r .z:iz -cC-C-T »r. . = =g 2. c.v-.tc^.ci tr.e CAT c::-r.g 
sec-erca !tar.»ec cy ?c::icns cf tr.e pc^ir.Wer frcm 
p'jC 3 Tms ;:a«.Twc: was digested with ?s: I ar.d Ham 
H.I. and the smaller of me two fragments was :so!a;ed 
by ge! elec:rc?noresis. This fragment was then 
Bgated to an intermediate plant expression vector 
pCMC SS. whicn had been previously digested with' 
p S : ! and Earr. Kl. to form the CAT expression 
pfasmid pCV.C 1205. The plasmid cCMC £6 ccr.tair.s 
tr.e p.c:ci-.s syr.tr.asa promoter ;Ncs ?:, from 
Acrs=£c:s*-rr turner a ;:sns ar.c a r.cpa-ine syr.tr.ass 
pc:yarer.y:a;:cn secern* (rcy A), trc.r. me sar-.e 
organism. s*.r:auncir.g piasmic --.ic-s rti:r.z\.rr. 
sites. Tr.e --a£-»s trC.v.C £5 asc carries a veri.c- or 
tr.e ce:s-:acta~.ase ge-e Itial w-.ic-. expresses 
resistance :z tr.e abiotic ampci::.- Sr. sac:e-a. S3 
tha' a.-^cic."..-. res surrcs ci- ce use: a; a se.ectic-. 
,T.av.s- !.-. :ec:rr.r;p.a: =-s re-tc.-.a: .r. 

^TrTT-:as-:c ;Ca>.W 1C (Ga.-c.-.er et a!.. Hue!. A::cs 
Res S:2s7i-22Si; - .S5'.)l was digested with S:u I ar- 
tne fragment containing tr.e cau»:!!cwer mosaic vir.s 
05 promoter ;CaV.v 25s) was joined ;c synthetic Xhc 
I oLigor.uc:ect;ce ttr.*ers. The (ragmen: was men 
tfgestec witr. Hpn I. treated with a CNA polymerase 
to generate blunt ends, and men joined to synthetic 
Hind 111 oligonucleotide Gnke.'S. Oigestion of this 
fragment with both Xho I and Hind Ul produced a 
fragment containing the CaMv35s promoier and 
transcription stan site modified at Us ends by me 
addition of me restriction site sequences. 

The ncoatme synthase promoter was excised from 
pCMC 1205 by digestion of me pfasmid wun Xho I 
and Hind HI. The larger of the two fragments thus 
produced was Cgated with me CaMv35s promoter 
fragment to produce pCWC 1203. a plant expression 
vector havtng the CaMv3Ss promoter, me CAT 
coding sequence ana me nopatine synthase poly 
adenytanon secuencc oroer. The CaMv3£s pro- 
mote' and ociy A sequences serves as the Hanking 
regutaiory sec«ences to/ me CAT coctng sequence. 

Beth of me ptasmtds pCMC 12C5 and pCMC 1203 
were tcs:t*s tor activtiy *i maize by ttectroporation 
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into protoplasts, toflovrfd by an assay for CAT 
aCMty. Beth construct*/** proved active Wi mace 
CHs. but pCMC 1208 proved signiHcantry higher in 
level of activity, and thus was selected for plant 
transformation tiponmenis. 

The pusmc pCMC I CCS was used for ihe 
ponenwn*ci#ted genetic ircnstcrmaiion of maiie in 
me apparatus and process of me present invtnti n. 
However, h was founo mat the assay for CAT actrviiy 
had a hign oackground tevd in maize tissue ano thus 
me CAT gene was considered not an opiimal marker 
to mai:t. Accordingly, me pinsmid was funher 
manipulated to insert another amniotic resistance 
gene, of mnre seiecihnly in maire. in the vector in 
place of ma CAT gene, as JDusiraied m Fig. 3. 

The piacmict pCMC 1021 cumains the ncpaiine 
synthase promoter anc mc nopaline synthase 
polyadenylattian sequence flanking a coding region 
fcr the enr/me amino5lycoside-2-phcs?.totransfe.*- 
ase D (A ?H 211) wf.cn ccncitts.-s ic* resistance !c 
a.Tinar ; ::s;ce a-.:itic*.:cs s^cr. as ka.-.a-yci-. 
S-ncs ftzvzziri'.-z- exr*-:-e-.:s Ve-.-eae: me 
CaMv3£s p.'c.-r.c:?' :c t* rr.,c- rrc-* e~e=*;ve ; r 
r.ii:- tr.e Mcs ?:.it was de:ice: :c inn'.*: me 
CiMvufs promoter lo pCMC 1C2".. The CaMv35s 
Iragmen: Irom pCMC 120S. as Ulus:ra;ed in rig. 3. 
was isolated by digestion with Xho I and Hind Hi and 
isolation by t!ec:roahoresia. The plasmid pCMC 
1021 was also digested with Xho I and Hind III and 
me larger fragment isolated and Ugated wi:n me 
Ca>wfv 3£s fragment to produce pCV.C 1C22. tr. 
plas.r- pCV.C 1C22 tr.e c:d:r.g sar.er.ce t:z~ 
APrw* i: is flar.kei !:*/ me reguictcr/ Csr-'-V^s ar.c 
Ncs p- sac-encas 

The ciis.-.ics pCVC 12C3 ar.c pCVC K2: we-> 
tcir.c4-.:-s::a:a: :: re e::t:::ve fc: :ri-s:=--at:=- 
a.nc excass-cn in -.civc-i: zz 'i C :cri:~. ccttc". 
ssyts*-. ar.c zzrr. :r..-;crr. e-errcscatirr. 'jzr.s'.z:- 
rr.iric.- arc z'z:t~. as rays. cs= : s tra-.s'o-med 
c-it^r* * ;r.i ;i r.i^a ;*a- zc~ z*.*\-\±z 

zt f!i :::v. tc *<a-.ar.yr>. iz' zz::z'. tz : zn' a"= 
corn ce^s. 



E. £r.c:s:errr. cz:zr carve;. 
4$ A pias.-n;c referred to as pM£;=; was c^ainejt 
who cc-.tsr.-.s a--, ar:rcxi^a:e'y 5 9 <:!=case Sco -■' 
fragmcr.t cf me mzizt genomic DMA wr.tcr. Lnctudes 
me entire gene encodutg me enryme U0P grease- 
flavored gtucosyt tansferase. an enzyme which b 
SO required lor the synthesis of antnocyanm pigments 
ri com. The genomic fragment contains extensive 
both r and 3 # flanking 0NA and thus is expected to 
indude appropriate regiiatory sequences effective 
mace to express the gene. Since me oned gene 
55 bi hrf4tngth copy of me normal, functional maize 
gene, a would be expected mat me cloned gene 
wouM be hifly actwe and function appropriately * 
matte cells. 

The enzyme Hsetf. U0P giucose-navoncl gfucofyt 
SO tnnsferaso. is us.tuJ as > selcctaoie marker for 
genet< translormancn in maiie because maue tmes 
art avaiiaoic which carry recessive mutations whicr. 
inactivate me encogennua gene. Since me enryme 
H non-essential t r piant growm and development. 
45 the plants ot tne mutant fec$ are n rmal except 
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tnt tack ol the red anthocyanin p^ments produced 
in venous tissues ot wild-type or non-mutant mailt 
plants. Introduce of the wW-type gene nto 
Somorygous mutant Snes results « tnt production 
of tnt enryme and thus ultimately the production of 
sntnocyanins. so mat uansformant plants can be 
tasity identified due to their characteristic 
dish with a brush and hand pollinated onto the silUs 
ot female plants of Kaitenoerg 390 and CFS 5c0- 
hybrids. The silks were physically segregated from 
other pollen. 

From the ears pollinated in this fashion. 52 kernels 
were produced. The immature embryos were ex- 
cised from the ears U days after pomnaticn and 
placed in culture on a corn emoryo tissue culture 
medium containing 50 pans per minion Kanamycn. 
The" seeding* whicn grew up on the medium were 
assayed directly for APHT 0 activity and three 
sewings assaved positive, indicating the APH3' It 
e.n^me was beV.g expressed in the tissues of the 
seeding V.us indicating successful :ra.ns!cr-.a::c.n 
c? tnesa piants. ... 

C~* -! these r!a-ts w *'- p:ared en a r.r.-.se:er::ve 
rn-'i^bc'rre :ra.-.s'e: :c a greahr.cuse ?srlur:r.e.- 
5 rcw:r, Lesf tissue was analyzer lor centner Arr. 
3' II ac::viry wr.tc.n was positive. 

The presence of pCMC 1022 sequences m the 
ONA isolated from this plants and from one plant 
vrhieh did net assay positive was demonstrated by 
the Scuthern hvbrid:iation-tecr\nique. Scuthem. J. 
Md. Sic. 2=:5C2-577 (1S7S). ONA was isolated from 
crV;.-c Ynd tes: cr'.n leaf samples ry rrjcro.r.cci:1ca- 

d.re ri Tavic- anc .-ewe!!, rsc-s . -.-*- r^-— 
o^ea" 3NA samo;e was e.gester w::.-. u-.e restnc- 
tier, e-zv-r.es Ava I and Knc Ut. rtscwec ty 
- e'e-:c:-crei s * an agarose gel. transfer tc a 
r.vicn .T.err.srar.e. anc hyrr:c:zed witr. a -:?-iaz*:e^ 
--*.-»£rc.-.=:r.g tc the nc.n-rcc:.-.; strar.c ci 
tr.e^V: II c==:-r regicn. After washing the Hiter. 
hyc-c : r.g "n~ tragme.-.ts were vis.s .;e: ry a*-:c 

"The erpecter IK: fragment was net fcunc in 
eitr.e- riant. However. earn ct the plants excited 
an ac: r=x:rr.a:e7 &'«z fragment wr.icr. hyc.nc-.ze- 
the APM-3' li prose ar.c wmch was not founc :n 
any c" the centre! non-transfcrmed central samples 
of maize ONA. Cne of tne two plants (tne one 
positive for APH It) also exhibited a 3.7 kb specifi- 
cally hycridizmg fragment. The fact that the Ob- 
served fragment is not the expected sue is not too 
surpnsing since complex restriction patterns are 
generally ooserved for ONA trar*tea edjntoi plant 
anc animal ceils. Pcrucno et aU Can. 22:OT-317 
(isacj; Kiens et el.. Ptont Mot. J; 223 ; 22 / 
(19BSI: Pasckowski et ai.. 6M80 J. 35717-2722 
Rigg* fi^tes Proc. Natt A cad. Sd USA. 
a3"5oG*2.«5C6 (102S\. furthermore, in eucaryoiic 
celts ONA can be modified, e.g. &y methytttion. tn 
ways trut alter its expected restriction diQesti n 
pattern CUanotcrf anO Wamoi. Proc Katt Acod. Sci. 
USA. 63 t767.l77t p^SGi. Botn A*a I and Mtnd m. 
tnTiestftctton enaoni*citasos us^l »n wws example, 
srt known to Ue kuudited By spectl< mctnyUmon 
w.i.nm metf recognition scduences. McCetland and 



Nelson. Nude* Aods Res . I3:r20w207 |196S). 
The * kB fragment tengih t$ tCN^alent to me piasmio 
unit length of the pCuC I0t2 ptasrwd and suggests 
that these plants contain tandemJy dupficated copies 
S of the plasma Oigestion wim either enryme alone 
would then produce the piasmid-length fragments 
Observed. The 37 kb fragment appears to result 
from a rearrangement of the piasrmd. perhaps at its 
Juncture with indigenous mane ONA. 
10 Two additional repticates were done utfiang the 
• identical procedure as described above with ponen 
from CrS 5504-piants pUced on s&s of C^S 550* 
plants. Two plants generated from the procedure 
were selected at random from the plants produced. 
15 - and were asaayeC for APH T D and were analyzed by 
Southern fclot Both plants failed to show APH 3' « 
activity but evidenced the 5.0 kb hybndiwig frag- 
ment in their genome. 

Another repiicale using identical procedues with 
20 pcllen from and a Fiir.t maternal plant again 
resulted in prege--.y frcm whic*. a plant was selected 
a; rar.ccm fc a.-.aiysis.The :«*ves oi this pla.-.i usrec* 
pcs'.tiv* Jcr A=H 3' U i't tsz evice-.esC k - 
fr«;-e-: :n tr.e Sc^tner- t.:t a^aiys:!. 

25 

3. Use of pCMC tC22 w::r\ C;r.*r Genes 

To transform other genes zt interest into maire or 
other plants, ptasmid pCMC 1C22 may be used in any 
of several ways. The APhT U coding se^ence can 
30 be deleted by digest of pCMC 1022 with Hind III 
and Earn HI and another gene sequence of interest 

-i ..j.* »«/-« r-xfi he Seated »n its 

piace. If the ge-.e o? tm'H\ ran ressc-.ar'y be 
se-.ec:ec fcr. the p*.as-,e .r.ay tr.en be direr* used 
ZS fc transfcrmatiens. If the gene ci rrerest is 
seca:ate : y p'ssa'si with azcrccriate reg-*.atcry 
secue-ices. i*: i n tzr-z i -arxe: is tii ^z the 
gene ci inrerej: with its re;*-ta:cry secvencss can 
be inserter in any o? "e sites in the p*y!in«er 
40 ucstrea.-r. cf :r.e CAMv2£: secuence in pCMC tC22. 
A.ncf-er a;:e"".a:.ve ic rrs*a -se C? the .w*.- 
seier.ar:e mar<e- ;s U ;*e:irs the ;ene z* inte'est. 
in pCVC 1C22 cr in any c;her plant expfets-c- 
vector, anc tc ccat pCMC 1C22 and the ger.e 
4S excressicn verier togerr.e: cn:c came- panis:es as 
discicsec he-em for wr.sfrr.Taticn a-.to plant ceus. 

The ?las-:r pCMC IC22 was depcs::ed wttn the 
American Type Culture Cciiecticn. ttt-Cl Prktawri 
Orive. RockviHe. MO. USA. on November 14. ISBo 
SO under ATCC acressicn No. S7252. 

The above fleocsh was made pursuant t a 
contract between the ATCC and the Cetus Corpora- 
tion, a partner in the assignee eJ P fe " n ^ 
kwention. The contract w^in the ATCC provides lor 
55 permanent avaHaoSty ci the progeny ei these ceu 
ines to the public on the issuance of the US patent 
describing and fcenurying me deposit or me publica- 
tion or laying open to me pubuc of any US or foreign 
patent application, •rucnever comes first, and tor 
60 availability ot me progeny of these cefl S*es w om 
determined by the US Commissioftet ol Pat eh * 
and Trademarks to be entitled thereto according to 
35 USC Section tC2 ano the Commissioner's rules 
pursuant mer eto Including 37 CP* Secson t.t^ wiin 
gS porucuiar relerence to EiS 0 G 5331. The ass*gfte« oi 
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oresant apphcaticn *»» "C"* 4 * ** " B 

^promptly replaced on not.to.-n with . 

"r.Vl.T:. ESSi.'Si ,o be Umil.d 
by in. microorganisms deposited, tinea m« de- 
posited embodiment it .mended « • f-*^**"* 
et on. aspect of m. «nv.nt,on and any 
microorganisms wh,o are fv«ct»nalt y accent 
«r. within the scape ol this invention. 

It is alio to be unC erstcod mat an base pa* sues 
given lor nucleotides are approximate and ara used 
tor purpose oC description. 

In one aspect the invention relates to a maue plant 
comprising in Us genome a foreign fitm > where* the 
fcre-cn £™ **• introduced into the plant by 
prwsTcal injection, into the poOe.n of U» P°"« n P ,f f n < 
of the plant. The foreign gene is preferably coated 
onto carrier particles accelerated inte the poflen. 

Tr.e foreign gene may include a ceding seeue-.e, 
,nc a:;rcp.-ttt SU.-.k:.-.; regulatsry sequences sa 
ma: tr.e coding ta^anca is expresses in ussues cf 
the p'.a.-.:. 
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Claims 



1 A meihcd of making a genetically trans- 

. of olants characterised r that it 

c-~rlses tr.e s:e=s sf. prerari.-.g capiei ef a 
fere:;-, ger.e inciuS:.-.; a casing regie.-, arS 
EaruJng reguiKsry secuer.ees tKtstwe tc ex- 
press re ccsing reg:sr. in tr.e pant ceils: 
taWn; « •- c« ««"•« :c s**S-=-* 

ine-. carrier pa.-.ic:es: pr.yi=6a=y 
tr.e parties carrying the gene csp.es at pclen 
c( me ;!&-•: in sucr. a fash.cn that sc-.e 
p.-,c:a: in r.a tatricr =f s^.e ef tr.e 

; S :I«.-.: ;c fx** c! tr.e ptar.: 

wttr. the ?s;:en so treates. ar.c sc.-eer.r-.; 
arr.o'ng we progeny from this pcSnanon fcr 

ira.-.sfer.T.ec prsgeny. 

2 A me-hoe as clawed in elairn 1. charac- 
terises in ma: the sidcgicaRy inert partctes are 

3. a method as claimed in claim 2. eharae- 
lorises in that the metallic particles are gold 

,? a?A method as claimed in either daim 2 or 
cfaim 3. eharac'.eristd in mat it inctudas tha step 
of easting ma metallic panicles with an encap- 
sulating agent before Wt gene copes are 
Joined is them. 

5. A method as eWmed in cUimi. charac- 
terisee « mat tne encapsulating agent a 
oolytysine. . . . 

6. A metnod as claimed in aimer etam * or 
claim 5 characterised « mat ma step ol fowmg 
the loreign gene eaoies to me meiaificpartetes 
infuses crying a sciuticn of me gene cap.es 
onto tne panicles. 

7. A mem a as cta.med in cuun 8. eharae- 
lenses « mat a solution of ma gene copies 
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inctudas CaMPO* -e*eh '* P'eco-iaied «m ma 
aenocop^soniomemetaibcsarttclas. 

1 A method as ctaimefl * any one d ma 
precading eJs-ma. ewactrnta i" *** »• «•» 
of pnysieaay accelerate tne V^*.***** 
Uyenlin me parties on a punar earner sheet 
nil aeceier.i.ng the earner meet By «npact«g 
it wiin a <Mck wave. anC r.str.irung me carr.er 
sheet such that the momentum o» ma earner 
particles carries themtrom me ineel. 

9. A method as eJaimed « claun 8. charac- 
terised * mat me shoe* wave generated to 
impact me carrier sheet (i« is gen.r.t.c by 
high^oitage electric discharge through a spark 
gap bridged by a water cropie!t24J. 

10. A matnod as earned in any one of the 
precede claims, earac-.ensefl in mat tn. step 
of accelerating me parties at plant pollen 
deludes ptac-ng a monolayer of pollen on a 
tsrget t-rtaea and piasn; U-'Qs" *^ iCt " 
me as:.s-a:.or. pa:n cS ma safier parties. 

11. A rr.stncd a» cis.rr.e: .r. Sa« :0. c-.ar..- 
teriser ty tr.e s: S ?s C asryxg a lay*' c. 
tr^tri is the s-'-m. c- s:: *= ?-* • 
merec-.. a.-.: rerhsving the tne-e.ra^ 

12 A r.e-.r.cd as earner ir. either claim 10 er 
c'aim it characterises in ma: the step o! 

poinnatins c,c3ns ol ,r> * ?l * nt " KZ -T' 
pfisnes Py brushing pcilen into wh'Ch partic.es 
have teen accelerated off ih. target surface 
with a crush and dusting that pollen onto me 
i t.^..- ^ir*nt 2tar.t. 

A .T-etncc is cu.rr.er ^ any cne o. 

« imcns m 5rs;«r.y b cc--.- sn tr.e 
* s siec-.e.-rvci: assay. 

... a .r.etr.cr as .n • 

terst: ir. mat the ana.' is ler ar.::-:c.:C 

-eiscc as SalT.a: >. any c~e si ca-. .s . 
: chara:ter.sec ma: me ssraer.u-.g 
-.; tr.e :r:;e-.y is ccr.e :* me sar.s c a 
hciogica! punt trait. 

A .r.»--c; as ia:r.ec « any c-.e o. .r.e 
■ ::.-.5 c:a:.-r.s. cr.anc:er.se: in mat me 

'lV;?i1s ;VnV.ica3y transferee Py amethos 
as caumed in any on. of the prececing da.ms 
18. A method of making a genetically trans- 
formec maize plant cnarac:erise5 « ma. .t 
ecmpnses the steps of: physically «M««"fl* 
foreign gene including a cosing ™;.onan- 
uprepnata ragutaory saqueneas «o rnaiz . 
poSnW, a^Tpvant pU««: ^ poto*tmg 
me peaen onto tne mature mace sAs ol a 
femaia p«.ni punt and segregating ma sflhs 
from other poOen sources: grcwing up > projjny 
procuced Uom the lerttf:ed temaie parent 

P W. A method as claimed in ciaim «..*»"«• 
tensed in that the step ol ?ny*caJ aajteft « 
inches jo-mng espies ol me larrgn gene to 
earner part.ctes anC acceierat-ng me part.ee 
at me mane poncn. c-»rac- 
20. A metnoo as clatfnec in daim 19. er. 
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teris d in mat me carrier parades art gold 
beads coated wim an encapsulating agent, 
preferably pc*y*y*int. . 
21. Mrtt pUnts product* fey * mttnod M 
claimtd in any one ©< claims 18 to 20. $ 
Zl. A maize plan: wh*h has a parent pUnt as 
claimed in either Caim 17 or Caim 2t . 
23. Mai:e PO u « n comprising in & a foreign 
chimeric gtnc and at Wast ent carrier partcU 
which physically carried the foreign gene «uo W 
tht pollen. ... 
2*. Maize pollen as claimed * claim c 
characterised in tnat tht foreign gene includes 
a coding sequence and appropriate flanking 
regulatory sequences so mat tnt coding $e- 15 
quence is expressed in progeny of the pollen. 
2S. Apparatus Icr injecting earner partides 
carrying ONA into Gving ceils characterised v\ 
mat it comprises: a s;ar* discharge chamber 
(12^ two electrodes (1*1 extending into the X 
spark discr^ge cr»rr.ttr and s:acsd apart by 
a sra-V ga=. me e ecrc-s be-ng asasttd Icr 
a-usnrr.e--: t= a- extern c! h.^ 

vcitage ciscra-;*: a errisr set: i:£S he* 
spaced tr.e s;a:k dsc.-arge cnam.,e.. z- 

tne carrier sheet receiving me carrier parjeies 
thereon; a retaining screen (20) fixed in place 
above the carrier sneer, and a target surface 
(221 he!d spaces aoove me retaining screen 
(20) and carrying the ceils so that a spark 93 
discharge generating a Shock wive in me 

1 * -si wi*n »r-#«*'zt* me 

C:scr.args — * _ 

carrier s~.ee: [**c\ tf.tc 'St rt:a:n.r.g scee . U-i 
$c ;r.a: tr.e earner parses are a:ce:era:ec r.ts ^ 
the ceils cr. :r.e :i-gs: s-*acs (12!. - 
2=. Apcaratus as :ia:mec ir. claim 25. charac- 
terises-^ tr.it a -*a:e: ::=:*: is cispese: 
bridging stater. :r.e«!«::^s«i*--J- 
27. A=rara:us as ria rr.e: x. e:tr.er 25 c 
claim 2z zr^tmc in ma: it ! «*«s » <S 
vac,-- s-.a.T.cer a: -e ascarar.-s :o tt 
cceratec r a r a *:ia- - -T.. 
22. Ap=ara:--s as c:a;me: in any ere cf ztxrr.i 
2' to 27 cnarac:*riseC in ma: me scar* gac 
berweer. me t'.e::rsces is between 1 and li *i 
millimeters. 
2S. Ap=ara:us as clairr.tr in any one cf claims 
25 to 22. characterised in mat a scacer nng (16) 
is positioned above me spark discharge cftam- 
ber (12) but fceiew me camer antes (18) and 3 
wim a: leas; a parral operung at its :cp. 
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